IT is common knowledge that milk is a frequent vehicle for the conveyance of the contagium of human disease. In the present paper it is only intended to deal with a small part of this wide subject. The whole question of tuberculosis will be omitted as demanding special and separate treatment, while the numerous epidemics in which the milk has been directly infected from a human source will also not be dealt with. Excluding these, we have left for consideration the part which the cow itself plays as a source of disease to man through the milk supply. The abnormal cow conditions may be divided into three groups:
(I) General systemic disease of the cow without local lesions of the milk organs.
(II) General systemic disease of the cow with local lesions in or on the udder and teats.
(III) Local affections, with little or no general systemic disturbance. GROUP I. Excluding tuberculosis, the chief general diseases which have to be considered are the following:-Anthrax. Although this disease readily affects cows, it is generally considered that the danger of -anthrax being spread by milk is a remote one. The MH-6 affected animal usually dies within a few hours of infection, and, during its short illness, the milk secretion either is suppressed or, if present, is abnormal in appearance and rapidly decomposes. This is fortunate, since the anthrax bacillus has been recovered from the milk of infected cows. That the danger from anthrax-infected milk is not altogether problematical is shown by the recent outbreak in Chicago (June-August, 1910) , when the milk supply of that city was seriously endangered by an outbreak of anthrax. The disease existed for about sixty days, involving twenty farms, and, approximately, 500 cows were exposed to the infection; eighty-seven cows died from the disease. The outbreak was spontaneous, spread rapidly, and required vigorous efforts to prevent its spread. Dairy inspectors from the city were put into the district involved, and by strenuous efforts discovered and quarantined every farm upon which anthrax was found, or was possibly present. All milk on these farms was destroyed, and great care was taken to prevent the sale of milk from infected districts. In consequence of these precautions none of the possibly infected milk reached the Chicago consumer at any time. One of the farmers upon whose place anthrax was discovered subsequently became infected with the disease and died.
Gaertner Infections.
Although cows are not infrequently infected with one or other member of the Gaertner group of bacilli, and widespread outbreaks of food-poisoning have resulted in consequence of the consumption of the infected meat, I have not been able to find any records of outbreaks due to the consumption of the milk of such animals. The probable explanation of this is that, with cows so affected, the milk secretion is either stopped or markedly altered.
Gastro-enteritis.
In cows affected with diarrhoea and other symptoms of gastroenteritis, the milk is usually abnormal and decomposes rapidly. Such milk is probably liable to produce diarrhcea. The only known instance Df which I can find record is that recorded by Follenius and Gaffky,, in which three persons at Giessen became very ill with malaise, headache, and diarrhoea after the consumption of raw milk from a cow suffering from haemorrhagic enteritis. ' Deutsch. med. Wochenschr.. Leipz. u. Berl., 1892. xviii. D. 297.
Septic Conditions.
In conditions such as puerperal septicaemia, septic metritis, &c., the milk is usually markedly altered and, no doubt, would be prejudicial. It is also the universal practice to avoid using for humnan consumption the milk of quite freshly calved cows. MIalta Fever.
Since cows are susceptible to infection with the Micrococcus melitensis, and this organism has been found in their milk, this disease is one which may be spread by cow's milk, but Eyre,' in a comprehensive account of the disease, does not mention this as an actual known source of infection.
GROUP II.
Of the second group, in which we have general disease of the cow, with local lesions on the teat and udder, the two commonest conditions are foot-and-mouth disease and cow-pox. Bovine scarlet fever may also be included here, but is more conveniently considered later with Group III. That foot-and-mouth disease in cows may be transmitted to man through the milk is attested by a number of cases and outbreaks of disease. One of the most interesting is the outbreak recorded by Robinson at Dover in 1884.
Whether cow-pox affects the milk and causes infection in man is doubtful. The milk of such cows is usually said to be unfit for food, but there appears to be little or no evidence as to its harmfulness, although the milkers' hands are apt to be infected. Stott2 has described an outbreak of cow-pox in a large herd supplying milk to Brighton. At the time it was discovered by the Medical Officer of Health that most of the cows were, or had been, infectious, and the milk had been sold for more than three weeks while the cows had been ill without any illness being traced to its use. Twelve of the seventeen milkers, however, became infected and suffered from vaccinia. After it was discovered the milk was allowed to be used after pasteurization. GROUP III. The most interesting group of conditions are those in which the essential lesions are in connexion with the milk-producing organs. They ' Article "Maltafieber," Kolle and Wassermann, "Handbuch der pathogenen Mikroorganismen," Jena, 1907, I Ergiinzungsband, p. 601. take the form of inflammation of the udder (garget or mastitis) and the various conditions described under the term " ulcerated teats." Mastitis in Cows. I propose to lay before you the available evidence as to whether this' condition is a source of human disease. Such evidence is derived from two sources-epidemiological inquiry and pathological investigation. As regards direct evidence of disease causation, we are practically confined to outbreaks of disease. The difficulty of connecting mastitis in a cow and individual cases of illness is very great, since in the absence of groups of cases with a common milk supply it is almost irupossible to have reasonable grounds for associating the two conditions. There are, however, a few instances on record in which the consumption of such milk has caused illness in small groups of persons. It may be accepted as a reasonable supposition that if such mastitis-infected milk is capable, in some cases, of causing extensive outbreaks of disease in man, there must be a number of instances in which it is capable of causing individual illness in susceptible persons, although an epidemic may not result.
Epidemics of illness ascribed to this cause have nearly always been of the nature of outbreaks of septic sore throat, 'although there are one or two in which gastro-enteritis has been the predominant condition. Holst,O for example, records four outbreaks of acute gastroenteritis from the use of raw milk, and in three of these he considers the cause to have been the milk of cows suffering from mastitis streptococci. In several cases the milk of these diseased cows, after being stopped, was again mixed with the other milk and sold (owing to change in the milkers), and diarrheea appeared amongst the consumers on the same day. Holst also swallowed 200 c.c. of a milk culture of the streptococci isolated from one of the mastitis cases which had stood for a few hours at 370 C., with resulting body pain and some diarrheea and vomiting.
All the outbreaks of this nature which I have been able to find are summarized in the accompanying appendix. Mastitis in cows is not an uncommon affection. I have been unable to find any figures giving its actual incidence in the country generally, but the following This table shows that, taking the mean of the different inspections, 0 9 per cent. of the cows were at the time of inspection suffering from acute mastitis, while 3 7 per cent. showed atrophy of one or more quarters. The latter condition is nearly always due to a previous attack of acute magtitis. These mean results varied somewhat, but not very widely, in other years, as shown in the following table, compiled from the annual reports:- These figures and the general frequency of mastitis in cows contrast markedly with the recorded prevalence of outbreaks of sore throat alleged or proved to be due to infected milk of a cow suffering from mastitis. Even when a large allowance is made for unrecognized and unrecorded outbreaks the discrepancy is only slightly diminished.
Pathological Investigations upon Mastitis in Cows.
We owe the first definite work upon the bacteriology of this condition to Nocard and Mollereau, who in 1884 isolated a long-chain streptococcus from the udder secretion of ten cows suffering from contagious mastitis. Since that date numerous investigations have been carried out by Hess and Borgeaud, Kitt, Guillebeau, Zschokke, Steiger, Gr6ning, and others. These investigators showed that this disease might Year 1904 Year 1905 Year 1906 Year 1907 Year 1908 be set up by different organisms. Of these, apart fromii the chronic varieties due to tuberculosis and actinomycosis, the chief organisms were streptococci, staphylococci, and varieties of Bacilluts coli. In all these investigations there is but little differentiation of the organisms isolated, and the characters given quite fail to separate them from the saprophytic streptococci and staphylococci not only present in manure, sewage, air, &c., but also in the milk drawn direct from the udders of perfectly healthy cows. They are, further, in no way differentiated from the disease-producing streptococci and staphylococci of man. These investigations unfortunately give no assistance whatever in solving the problem under consideration-the possible pathogenicity of bovine mastitis to man. My researches' for the Local Government Board are the only investigations of which I am aware which bear upon this problem, so I trust I may be pardoned for dealing with them in brief detail.
Out of thirty-six cases of mastitis in cows investigated, 68 per cent. were due to streptococci, 16 per cent. to staphylococci, 3 per cent. to Bacillus coli, 3 per cent. (one case) to Bacillus tuberculosis, and in 10 per cent. (three cases) the results were doubtful. If the three doubtful cases are excluded, the percentage due to streptococci rises to 75. A large series of tests, including the production of acid in certain sugaralcohol media, were used to differentiate the streptococci. It was found that 80 per cent. of the streptococci isolated could be grouped as forming a common type which I called Streptococcus mastitidis. This is a longchain form growing rapidly in broth, forming a coherent deposit, but leaving the upper part clear. It grows upon gelatine without liquefaction, produces acid in milk, clotting it within three days, gives no neutral red reaction, and produces acid in lactose and saccharose media, never in mannite, and not usually in salicin, raffinose, or inulin. It is non-pathogenic to mice. It is of considerable significance that in several other cases quite different streptococci were isolated.
In view of the possible relationship of mastitis in cows to human disease it was a matter of great importance to consider how far the causal organisms of mastitis were present in quarters which clinically appeared quite unaffected. To investigate this question, the milk of all four quarters was, as far as possible, examined in every case. Excluding cases in which all four quarters were attacked, in 84 per cent. of the cases due to streptococci identical organisms were isolated in one or Annual Report, Local Government Board (Report of Medical Officer), 1906-7, xxxvi, p. 205; 1907-8, xxxvii, p. 359; 1908-9, xxxviii, p. 294. more of the healthy quarters. In some instances they were present in only one healthy quarter, in others in all of them. It should be noted that not only were these streptococci found in quarters which appeared sound when examined by a veterinary surgeon, but in quarters which frequently showed no evidence of any inflammatory reaction, as demonstrated by the extremely sensitive cytological examination. The milk appeared to be perfectly healthy to the naked eye, although these streptococci, identical with those in the affected quarters, were present.
As a rule, the healthy quarters did not become subsequently involved.
From a public health point of view these results are of considerable significance. In cases of mastitis in cows it is a quite common practice to use the milk from the seemingly unaffected quarters, although the secretion of the diseased quarters is recognized as unfit. The results obtained show that in most cases the farmer is thus adding to the vended milk very large numbers of streptococci indistinguishable from those causing the mastitis.
The primary problem from the human standpoint is whether the streptococci found in cow mastitis are pathogenic to man. To elucidate this, further investigation was required. Careful comparison was therefore instituted between the streptococci found in these two conditions. The streptococci found in sixteen cases of human sore throat were carefully investigated. Two chief types were found, confirming the results previously found by Andrewes and Horder. The most prevalent type was the variety which they called Streptococcus anginosus, while the other was identical with Streptococcus pyogenes. Comparing the two types most commonly met with in the bovine and human conditionsthe Streptococcus mastitidis and Streptococcus anginosus-it was found that, morphologically and culturally, they were quite indistinguishable even when the different sugar-alcohol tests were employed. In addition, the commonest cultural deviations from the type were the same in both cases. As regards their pathogenicity towards the lower animals, however, they show distinct differences. Streptococcus mastitidis possesses low virulence: Occasionally a local abscess is produced, but, as a rule, no pathogenic action is manifested towards mice or guineapigs. The Streptococcus anginosus type, on the other hand, is possessed of considerable pathogenic action, subcutaneous inoculation into mice frequently causing the death of the animal. The distinction is one of degree rather than kind, and otherwise the close similarity is very interesting. Further comparison is only possible along the lines of their specific properties.
7.9
Can the mastitis streptococci, by inoculation upon the human throat, set up inflammatory action? Will the udders of cows when inoculated with streptococci from cases of human disease become infected and mastitis result? Both problems were experimentally investigated. The second question was studied in a series of experiments upon goats. Twenty-two separate experiments were carried out in which the teats were infected with pure cultures of different organisms. The results in the twenty experiments in which pure cultures of recently isolated streptococci were used were as follows: The three streptococci from mastitis cases in cows all set up mastitis in goats. Of two streptococci from sore teats one set up a very severe mastitis, but the other was without effect. A streptococcus very common in, and isolated from, cow-dung also produced no visible effect. Of thirteen streptococci of human origin, one from a healthy throat, six from cases of sore throat (two being scarlet fever cases, and four ordinary tonsillitis cases), and four isolated from other human diseases, all failed to produce mastitis in the goat. In the remaining two cases, both with streptococci not obtained from sore throats, distinct inflammatory reaction and some degree of mastitis resulted. One of these streptococci was derived from a case of Ludwig's angina, and the other from a case of acute epiphysitis.
The results are distinctive. Comparing the human and the bovine groups, it was found that, although often morphologically and culturally they were indistinguishable, they showed a wide divergence when their action towards animals is considered. The bovine mastitis type is nonvirulent towards.mice and other rodents, but possesses in marked degree the power to cause udder inflammation in goats. The streptococci from human sources possess a considerable virulence towards mice, but as regards the strains isolated from sore throats absolutely, and as regards those from other sources in most cases, they were unable to originate mastitis in goats. f These results suggest that an essential difference of functional power separates the types, and that. under ordinary conditions the Streptococcus mastitidis is not a cause of human disease.
That the Streptococcus mnastitidis is not a cause of human disease was also demonstrated by direct experiment. In two separate experiments I directly infected my own throat with massive doses of this streptococcus, isolated only a day or two previously from cases of cow mastitis. On both occasions no ill-effects were experienced generally or locally, and the streptococcus could only be recovered with extreme difficulty from my throat, and this although the isolation was undertaken only two and three days respectively after the throat inoculation, and although that inoculation was massive in amuount.
We have here the broad pathological fact that the great majority of cases of bovine im-astitis are due to an organisiim which is not harm-lful to ian. This is in accord with the fact already recorded, that while bovine miastitis is common, sore throat and other septic outbreaks fromi milk are rare. The fact that certain outbreaks do appear to be due to a cow with an infective mastitis is, I believe, also in line with my pathological results. While I found that Streptococcus miastitidis was the usual organisml of bovine mastitis, it was not the only type of streptococcus associated with this condition. In one case, for example, a streptococcus of extremiiely high virulence to rodents was found to be the cause of the ma.stitis, and this organislm in miiany other ways was quite distinctive from the Streptococcus mastitidis, and mlay well have been potentially virulent to ilan. If we accept the view that the ordinary type of bovine mastitis is due to organisml-s non-virulent to man, but that in certain uncommon cases this condition is caused by streptococci highly pathogenic to man, it offers a complete explanation of both illy bacteriological investigations and *the epidemiological facts with which we are acquainted.
From the practical point of view, it is well to remiiem-nber that the pathogenic and non-pathogenic types of bovine mastitis are not clinically distinguishable. A hypothesis which I wish to suggest as the origin of these strains virulent to mnan is more conveniently deferred until the other group of abnormal bovine conditions has been considered. Ulcerated Teats. In addition to the diseases of cows already described, in which the teat eruption is part of a general constitutional disturbance such as cowpox, not infrequently teat ulcerations and eruptions are met with in cows which seemingly are in perfect health. The cowman speaks of them as " sore teats," usually applies some local treatment, and neither notifies the Medical Officer of Health nor calls in a veterinary surgeon to treat them. When a veterinary surgeon is called in or meets with the condition, he frequently speaks of it as spurious cow-pox, and attaches no significance to the condition. In the considerable numlber of cases which I have conme across the cowkeeper has always milked the cows as usual or added the milk to the rest for sale. If ulcerated teats have any relationship to human disease, we can postulate three possible ways in wlhich the effect may be exerted:-(a) The ulceration ulay be part of a general disease of the cow, and through the teat ulcerations the milk may become infected. This has been shown to be a cause of human disease in foot-and-mouth disease, and bovine scarlet fever has been advocated as another example.
(b) The teat and udder conditions may be purely local, but due to streptococci or other organisms pathogenic to man.
(c) The teat condition may be due to purely bovine disease or be traumatic in origin, but become secondarily infected by organisms pathogenic to man.
In other words, we may theoretically have a constitutionally infective cow, a local actively infective cow, and a local passively infective cow.
Systematic bacteriological investigations of sore-teat conditions do not seem to have been made. I have investigated a few cases. In most instances long-chain streptococci very similar to the Streptococcus mastitidis were found. Of two, used to infect the interior of the teats of goats, one set up a very severe mastitis in the goat, while the other was without effect. In three cases of ulcerated teats a very similar longchain streptococcus was isolated from the milk, but the ulcerated teats were not bacterially examined.
I have personally only met with one outbreak in which ulcerated teats on the cows were possibly aetiologically connected. In this case a small outbreak of sore throat occurred in one of the Army barracks at Colchester. The Army Sanitary Officer came to the conclusion that it was caused by the milk supplied. It was confined to the barracks supplied from one special milk supply. He found immense numbers of long-chain streptococci in the milk. When he commnunicated his suspicions to me we at once visited the cowsheds, and found three cows, one markedly affected and two slightly, with ulcerations on the teats. They had crusted over and showed a black scab. We could find no evidence of illness amongst the milkers. The cessation of the cases coincided with the exclusion of the milk of these cows from the general supply. That teat ulcers may be secondarily infected has been demonstrated in the case of diphtheria, and two outbreaks may be briefly mentioned. Dean and Todd' in 1902 described a small outbreak in which undoubted diphtheria bacilli were isolated from the teat lesions and from the milk. In this outbreak certain individuals suffered from diphtheria and others from sore throat, probably diphtheritic. They obtained their milk supply from two cows. The cows were suffering from papules and ulcers on the udders and teats, which commenced about ten days before the outbreak. One of the cows also showed mastitis in one quarter, the fluid secreted being scanty, ropy, and semi-purulent in appearance. True diphtheria bacilli which were virulent were isolated both from the lesions and from the milk. A healthy cow milked immediately after the diseased cows and by the same milker developed vesicles upon the teats, but neither in the vesicles nor in the ulcerative stage of the disease could diphtheria bacilli be demonstrated. The investigators also showed that in calves infected with the eruptive disease no diphtheria bacilli could be demonstrated, while injecting a calf with 10,000 units of diphtheria antitoxin did not prevent the vesicular eruption. The authors came to the conclusion that the lesions in the cow were not due to the diphtheria bacillus, but that the latter was a superadded infection.
Ashby, in 1906,1 described an extensive outbreak of diphtheria, affecting seventy-five persons living in forty-three houses; forty-two of these houses were supplied by two milkmen. Of the cows of one dairyman (Z.) all the teats of two cows were badly ulcerated and the teats of three other cows were affected to a lesser degree. Six of the cows of the other dairyman (Y.) were affected with an ulcerated condition of the teats. From swabs rubbed into the ulcers upon the teats of the two worst of Z.'s cows diphtheria bacilli were isolated. They were fully virulent for guinea-pigs. Cultures from a sample of milk showed only non-pathogenic diphtheria-like bacilli. Ashby adds: " Whether the eruptive disease of the teat was a specific diphtheritic infection of the cow, or whether there was a specific contagious eruptive condition apart from diphtheritic infection cannot now be told, but certain it is that the diphtheria bacillus was present in the pathological lesions of the cow."
Klein's experimental results in favour of the existence of bovine diphtheria have not been confirmed by either Abbott or Ritter.
Ever since the classical outbreak of scarlet fever at Hendon in 1885 the existence of bovine scarlet fever has been a debatable subject. The subject has again become of practical interest since the outbreak of scarlet fever in 1909 in certain parts of London and Surrey has been ascribed by Hamer and Jones to a possibly bovine source.
Time will not allow me to deal in any detail with the outbreaks which have been ascribed to bovine scarlet fever. After critical consideration of the records I have personally come to the conclusion that this-the existence of a constitutional disease, bovine scarlet fever -cannot be accepted as proven. As an explanation of some of these outbreaks I would suggest the hypothesis that we are dealing, not with a cow suffering from an infective disease, bovine scarlet fever, but with a passively infected cow or cows. The theory which I wish to advance is that when the cow is a source of scarlet fever or other septic disease it is because it is acting as a carrier of organisms of human origin, often in a purely passive capacity, but sometimes associated with active but local disease caused by the human infecting organism. It will be seen that this hypothesis, which I believe as a coherent whole has not been advanced before, implies the acceptance of two separate conclusions:
(a) That the cow may be a source of human disease not because it is constitutionally infective, but because it is acting as a carrier of human infective organisms.
(b) That disease of the milk-producing organs of cows is only likely to be harmful to man when the causally associated organisms are of human origin or when human organisms are superadded as a secondary infection.
Of course, tuberculosis is not included in this hypothesis. The first conclusion is more capable of proof than the second, and may be accepted without the second being admitted.
Briefly stated, I regard the bovine udder and teat lesions, as commonly met with, as of purely bovine origin and, as such, harmless to man. Occasionally, either as an invasion superadded upon the original bovine lesions or as a primary infection of the milk organs, there is a local infection with organisms of human origin. In such cases the conditions present may be decidedly prejudicial to man. In other words, the cow, in this class of infections, is only potentially pathogenic to man when it acts as an active or passive carrier of organisms of human origin. I would submit that this hypothesis offers the best explanation of the facts with which we are acquainted, and as such I advance it for your consideration and criticism. We may now consider how far the known facts fit in with this hypothesis:-(I) It is clear that the great majority of bovine udder and teat lesions are not harmful to man. As evidence of this we have in the first place the striking disproportion between the prevalence of udder and teat lesions and the recorded outbreaks ascribed to these conditions. Even allowing for a large number of unrecorded outbreaks and numerous individual cases of illness, the disproportion is very marked. In the second place, my bacteriological investigations recorded above have proved that the commonest type of mastitis is not harmful to man in a healthy condition, and probably not when debilitated. The evidence of the innocuousness of the ordinary type of bovine mastitis is added to by the demonstration of the causal streptococci in abundance in the milk of the clinically unaffected quarters-milk which must, therefore, have been repeatedly added to the vended milk.
(II) There is reliable epidemiological evidence connecting at least some sore throat and other human disease outbreaks with affections of the bovine milk oraans. The descriptions of these outbreaks in the appendix may be referred to for such evidence.
(III) There is clear evidence that organisms of undoubtedly human origin can in certain cases infect the milk organs of bovines.
The diphtheria instances already recorded offer the most striking evidence of this, because this organism can be readily identified; if the scarlet fever organism was identified with equal facility, I believe similar evidence for that disease would be forthcoming. The outbreak of Dean and Todd is particularly conclusive, since they proved that there was a separate bovine eruption, with the diphtheria bacilli present as a second super-added infection. Klein and Abbott have both demonstrated that diphtheria bacilli, inoculated into calves and cows, could be recovered at the site of inoculation for some time.
Certain of my goat-inoculation experiments are very interesting in this connexion. The streptococci of human origin, for the most part, died out fairly rapidly when implanted into the teats of goats, but only relatively so; one strain, for example, living for as long as twenty-six days after inoculation. One striking exception was, however, met with. In the case in which the streptococcus isolated from the spleen of a boy who died of acute lymphadenitis was used to infect a goat's teat, it did not set up any inflammation, but survived as a harmless (to the goat) saprophyte for the whole duration of the experiment, extending over seven months. During this period it had not caused any inflammatory changes or alteration in the appearances of the milk, nor had its biological characters become altered except in one particular, and that inconstantly. This streptococcus had originally caused a secondary infection in a boy, with marked elevation of temperature, and, no doubt, largely contributed to his death. We have only to postulate the retention of its virulence for a while, and this goat's milk, if drunk (and it was absolutely normal in appearance), would be a potent disease factor.
It may be suggested that, if we accept this view, the cow would be a much more potent agent for the spread of disease than it now is, seeing the ease with which organisms of human origin can be implanted under present conditions upon cows' teats and udders. This is not likely since, as pointed out, human streptococci for the most part will not grow in or on a bovine habitat. Incidentally I may remark that my results showed that the streptococci of bovine mastitis died out with extreme rapidity in my own throat, although the infection was extremely massive in character.
(IV) The above hypothesis offers the best explanation of a number of facts in connexion with certain milk-borne sore throat and scarlet fever outbreaks, which otherwise it is extremely difficult to explain. For example, a noticeable feature of some of these outbreaks is the prolonged period during which the milk was serving as a vehicle of infection. If we have a purely human source of infection we should rather expect a very sudden outbreak of short duration, since a human source is not likely to be daily infecting the milk over a long period. In the Guildford outbreak, for instance, the milk was infectious for some seven to eight weeks. While the infection probably started from a human source (the farmer), we cannot, as Pierce points out, account for the prolonged infectivity of the milk, unless we postulate a continuous infection of the cows' milk organs from this human source. The farmer was disabled and unable to milk, &c., for at least a month.
The much discussed Hendon outbreak, ascribed to bovine scarlet fever, may be taken as a good illustration of an outbreak in which the conflicting views can only be reconciled by my hypothesis. For example:-(a) The Hendon cows came from Derby. The opponents of the bovine scarlatina conception showed that thirty cows were purchased at the Derby market, but only three went to the Hendon farmer. These other cows showed in many cases sore teats, and spread the disease amongst the herds with which they were mixed. "From the first day to the last, while the milk from these cows was being drunk, no case of scarlatina was heard of among the customers of the dairy." 1 Professor Brown maintained that the Hendon disease was not rare, but comparatively common in milch cows. On my hypothesis we can accept the view that this outbreak of teat and udder ulceration was very widespread. It was due to a bovine disease of an infectious character, having nothing I Report by Professor Brown, Agricultural Department, Privy Council Office, 1888.
to do with scarlatina. Human cases of scarlatina were, therefore, only traceable from such cows when, as in the three sent to Hendon, superadded scarlatinal organisms were present.
(b) One of the strongest arguments against a purely human origin was the prolonged infectivity of the milk. The opponents of the bovine origin showed the possibility' of human infection. It, however, seems to have been established that none of the milkers or others who came into regular contact with the milk, or the cows, suffered, or had suffered from scarlet fever. The only human infection possible was at the most intermittent, and probably only occurred once or twice. On a wellmanaged farm, such as this farm was shown to be, to produce prolonged infectivity we must postulate a human factor at work all, or nearly all, the time. There is admittedly not the slightest evidence of prolonged human infection. If, however, we assume that in some now undiscoverable way (possibly in transit to the farm) the already present ulcers and sores of the three cows were infected with the organism of scarlet fever this difficulty vanishes.
(c) The most striking fact established by Sir William (then Mr.) Power in favour of the bovine theory was the definite association of scarlet fever cases with the movements of these three cows. This is obviously explained by the hypothesis of their being locally infective.
(d) The opponents of the bovine theory are confirmed in their view by the continued rarity of such conditions. On my hypothesis the rarity of such outbreaks is easily understandable. We have three factors which have to be in operation at once: cows suffering from a bovine disease of the teats and udders, which will allow a secondary infection with the organisms of scarlet fever; the existence of cases of scarlet fever; means of bringing the last condition into intimate relationship with the first.
Klein's results are explainable on the supposition that he was working with the original bovine disease material, and with this he was able to reproduce ulcers and vesicles in inoculated calves. The suggested hypothesis offers a complete explanation of all the essential facts of the Hendon disease, and reconciles the conflicting views.
Similarly the Glasgow outbreak 1 in 1892, said to be due to the (V) There is also another fact, which may, or may not be gerinane to this subject, but which is very interesting. If the records of milk-borne outbreaks of septic conditions, and especially scarlet fever, are carefully studied, it will be found in a considerable number of them, when the condition has been looked for, that teat ulceration, mastitis, or other local lesions of the milk organs, have been found to be present. This is inclusive of epidemics in which a definite human source of infection has been traced and accepted as a sufficient cause of the outbreak, and where no question of bovine infection has been raised. I have carefully examined hundreds of cows, and although I am unable to give exact figures, I am convinced that the proportion of cows with ulcerated teats is decidedly higher in the herds of cows from farms implicated in milk epidemics of scarlet fever than for ordinary farms. This higher incidence of lesions may be accidental, but it would seem more probable that a relationship exists, and that the sore teats are not infrequently a nidus for passive infection. That is, given a human milker, actively or passively harbouring scarlet fever organisms, he may, or may not, infect the milk supply, but is more likely, to do so if the infection is in the first place conveyed to ulcerated teats, and in this way infects the milk. For one thing, the dose is likely to be larger, and also decidedly less intermittent.
(VI) There is some analogy with tuberculosis. In this disease we have to deal with a bovine and a human tubercle bacillus, both from the same stock, modified by a different animal environment. In children drinking milk infected with bovine tubercle bacilli infection apparently results in only a small proportion of the cases so subject to infection. When infection results, we have bovine bacilli in a human habitat. I believe in the same way human streptococci and other organisms may infect a bovine habitat, and as such serve as a source for human infection.
APPENDIX.
(I) MILK-BORNE SORE THROAT OUTBREAKS.
(1) ABERDEEN [1] , 1881.-About 300 cases with three deaths. Symptoms characteristic. Sudden onset, with severe rigor or series of rigors followed by fever. Inflammation of throat and tonsils with swelling of the lymphatic glands in the neck and above the clavicle. Fever usually subsided after two to three days, leaving the patient very weak and prostrate. Outbreak clearly spread by milk. The total number of families supplied with milk from the incriminated supply was 110, and of these at least ninety families were affected. No cases occurred in any families obtaining their milk from other sources. Outbreak ceased when supply of milk stopped. Outbreak ascribed on what would now be considered as quite insufficient grounds to the water supply of the dairy. No mention made as to the condition of the cows or of any examination of, or cases of illness amongst, the milkers.
(2) RUGBY [2] , 1880 (reported by Dr. George Wilson).-Over 100 cases in all. Mostly among the boys at Rugby School. Cases of sore throat, but clinical particulars not given. Outbreak clearly spread by milk. Sudden onset in the three (out of eight) boarding-houses connected with the school supplied from the one milkman; in fifteen out of the thirty-seven families which he also supplied in the town there were one or more cases of the disease. All the cases were supplied with milk from the one milkman. Onset, March 16 and March 17 . No cases of suspicious illness on the four farms from which the supply was obtained. Wilson came to the conclusion that the probable cause was a cow suffering from garget on one of the farms.
(3) DOVER [31, February, 1884 (reported by Dr. M. K. Robinson).-Within four days 188 persons attacked; in all 205 persons affected. Symptoms, those of local inflammation of the throat, enlargement of the lymph glands of the neck, and in some cases vesicular eruptions. Erysipelas was also met with; four fatal cases. In nineteen out of the forty-two affected streets every house supplied by the implicated milkman was visited, while in the remaining twentythree affected streets, out of eighty-six houses supplied by this milkman fifty-one were invaded by the disease. The number of persons attacked in each house stricken averaged 2'5 per house. The "nursery," or other special milk, supplied by the same milkman was not.a cause of infection. The milk was obtained from four farms. On one of the farms it was found that foot-and-mouth disease had broken out on January 14, and that milk from some of the affected cows was delivered to the Dover dairyman and distributed, after mixing with the other milk, to bis customers. Strong confirmatory evidence of the relationship of the conditions found on this farm to the outbreak was obtained from the fact that on two separate occasions the farmer sold his milk and cream to another MH-7 milk purveyor, amongst whose customers a second simultaneous outbreak occurred. No information given as to illness amongst the milkers.
(4) CRAIGMORE [41, 1890.-The number of cases which came under medical treatment was about eighty. In March and April, 1890. Symptoms were those of marked inflammatory hyperaemia and swelling of the throat, enlargement of the submaxillary glands and glands of the neck, with high fever and marked constitutional disturbance. Some of the cases were complicated with erysipelas. Three deaths occurred, all children. The evidence showed that the outbreak was spread by the milk from a particular farm. The period of incubation was usually three to four days, but occasionally two days. In some cases the onset of the disease after consuming the milk was very striking. For example, a Glasgow family went to Craigmore from Glasgow on March 28, and started using the milk. On April 1 the whole family were attacked, including the older children who had returned on March 31 to Glasgow to school. Two members of the family who remained in Glasgow and did not drink the milk were not attacked. The milk supply was stopped on April 2 and the cases seem to have ceased almost at once. The outbreak commenced about March 17, but the farm was not visited until April 3. The Medical Officer of Health was told there was no illness among the people or the cows. On further questioning, it was elicited that one of the dairymaids had had a sore throat for a few days, but it was so slight that she had been away from work for only half a day (March 17), this being the same day that the outbreak began in at least three families. On April 4, two days after the milk was stopped, erysipelas appeared on the face of the farmer. A veterinary surgeon examined all the cows and gave a certificate that they were in perfect health and condition. It is not clear if he was engaged by the farmer or on behalf of the local authority. The milkmaid was suggested as the cause of the infection of the milk. Apparently no bacteriological investigations were carried out. A cat and a dog belonging to one of the sufferers, which had been fed a good deal on the implicated milk, became very ill at the same time as their owners, and nearly died from what the veterinary surgeon who attended them called "severe inflammation of the throat." (5) FINCHLEY [5] , November, 1894 (reported by Professor H. Kenwood).-Total number of cases not known. The first twenty-four cases were explosive in onset, all occurring within forty hours. The chief symptom was sore throat, which was not diphtheria, although the throats in many resembled those found in that disease. The suspected milk supplied 94 per cent. of the total number of houses which were infected, but only 17 per cent. of the total houses in the district. The disease affected persons in good-class houses with scarcely an exception. On the whole children were not mainly affected. The only source of infection which could be found was that on the farm supplying the incriminated milk were three cows evidently out of health, and in each case suffering from ulcerations of the teats, while one of the cows had a small chronic abscess in the udder. All the throats of those who milked the cows were examined by Dr. Kenwood and found by him to be healthy. No deaths. Symptoms were those of follieular tonsillitis. The evidence implicating the milk rests upon the fact that all the cases had a common milk supply derived from the farm upon which the first three cases (two children and a servant) occurred, and that three children between two and three years of age escaped apparently because they received only boiled milk. The cases occurred between February 12 and March 1.
The cows were examined some time after the end of February (date not given) by a veterinary surgeon, who failed to detect anything wrong. When the milk of the individual cows was examined, the milk of one contained staphylococci and streptococci. While the outbreak may reasonably be ascribed to the milk, the evidence supplied does not show the cause of infection, whether human or bovine. We are not told if the servant on the farm had anything to do with the cows or milking utensils.
(7) SURBITON [7] , 1897 (reported by Dr. Coleman).-Thirty cases at least known and probably others. Symptoms those of sore throat. Cases supplied from one milkman. One of the milkers found to be suffering from tonsillitis with suppurating whitlows on both hands.
(8) HACKNEY [8] , 1900 (reported by Dr. J. King Warry).-The disease was prevalent during nearly the whole of April and the first week in May. Outbreak extensive; 151 known cases in eighty-eight households. The symptoms were those of severe septic sore throat with ulcerated tonsils, enlarged cervical glands, high temperature, and great prostration. In all cases convalescence was protracted. In one case acute septicavmia supervened, followed by acute septic pneumonia and death. There was a marked tendency for multiple cases to occur in families, and while no age or sex was exempt, a very large number of the sufferers were children. The facts ascertained by Dr. Warry (Medical Officer of Health) proved conclusively that the vehicle of spread was the milk of a certain milk vendor (X.). The returns of cases by medical men showed that 138 cases in seventy-five households were supplied with milk by X., and the remaining thirteen cases with milk by seven other dealers; that is, over 85 per cent. of the households in which sore throat illness occurred were supplied with milk by X. It was shown that X. supplied a very much smaller proportion of the houses than 85 per cent. House-to-house inquiries also showed that the persons attacked were those who consumed X.'s milk. There is no evidence in the report as to how the milk became infected. The bacteriological examination threw no light upon the origin of the disease. The vendor X. had a few cows of his own, but also received his milk from seven different country dealers. The cows of the dairyman were examined by a veterinary surgeon, who found them to be in good health. There does not appear to have been any investigation or inquiry as regards the outside farms either as to human illness on the farms or as to the condition of the cows.
(9) BRIGHTON [91, November, 1901 (reported by Dr. A. Newsholme).-A small outbreak of sore throat involving eighteen cases, and followed by a number of cases of scarlet fever. It is not clear how far the sore throat cases were aberrant scarlet fever cases, and Newsholme considered that some of them were of this nature, occurring among girls unprotected by a previous attack of scarlet fever. The symptoms were those of sore throat with greyish exudation on the tonsils, high temperature, and general constitutional disturbance. By careful inquiry the outbreak was traced to a particular milk supply. The cause of infection appears to have been unrecognized cases of infectious sore throat in several families connected with the farmer who supplied the milk. The relationship was not, however, completely established. When the facts were investigated early in December (the cases were mostly in November) no evidence of udder disease was found, and fairly frequent veterinary inspections of the dairy had been made. The symptoms were marked swelling and redness of the tonsils, fauces, palate and uvula, with exudation on the tonsils, marked constitutional disturbance, and considerable temperature. In every instance the milk was obtained from the same dairy, while no cases of sore throat connected with a different milk supply were observed. In some families the children who drank boiled milk escaped. Nash visited the premises, but could obtain no information as to illness amongst the cows or milkmen. No examination by him or by a veterinary surgeon of the milkers or of the cows appears to have been made, and the source of the infection of the milk was not ascertained. The bacteriological examinations made of the milk after the outbreak were negative.
(11) LINCOLN [11] , May, 1902 (reported by Dr. L. W. Darra Mair).-An explosive outbreak of 168 cases, sufficiently ill to require medical treatment, all but five of which started between May 9 and May 15 inclusive, and all between May 9 and May 19. Of 156 sufferers, the age of whom was recorded, 133 were adults or children over 12, and only twenty-three were under 12. The epidemic came to a sudden termination in spite of the fact that the distribution of the suspected milk was not prohibited. All the cases were characterized by sore throat, well-marked swelling of the tonsils, uvula and mucous membrane of the pharynx. The cervical glands were enlarged. A rash was present in many cases, but it was unlike the rash of scarlet fever. Mair concluded, after very careful investigation, that the disease was not scarlet fever. There were three deaths. No definite secondary cases could be met with at all. The outbreak was clearly due to a particular milk supply. In the period of five weeks ending May 25, of 199 cases of illness associated with sore throat, 168, or 85 per cent., consumed the suspected milk, while if the cases which started after May 8, when the true epidemic began, only are considered, the percentage of milk consumers is 87. Also the number of houses habitually supplied with the suspected milk at the commencement of the epidemic was 141; and of these no fewer than 85, or 60 per cent., were invaded. The incidence of disease was exceptionally heavy on households using much milk. The source of infection of the milk could not be traced although the most minute inquiries were made. No sore throat or other illness could be traced amongst those handling the cans or the milk. The cows were examined on May 14 by a veterinary surgeon at the request of the Town Council, and he reported them all healthy, while on May 30 Klein examined the cows and found no symptoms of ill-health in any of them. Klein and Gordon examined swabbings from seventeen of the cases of illness. In no instance was the Streptococcuts scarlatina found, but in three cases a pathogenic yeast was isolated, and it was suggested that this was the cause of the outbreak.
(12) LINCOLN [121, May, 1903 (reported by Dr. L. W. Darra Mair).-There were altogether fifty-six known cases of illness, and the onset of all was between April 27 and May 7. All the illnesses started with sore throat, and thirty-two were reported as having a scarlatiniform rash. The fifty-six sufferers comprised eighteen children under 12 and thirty-eight persons over that age. In one house as many as fourteen cases occurred. The diagnosis of the illness in this second outbreak again led to differences of opinion, although on this occasion the preponderance of opinion was much mnore in favour of scarlatina. At least eight secondary cases were known. The outbreak was in a quite different part of Lincoln to that affected by the 1902 epidemic, and concerned a different milk supply. Twenty-five per cent. of the houses supplied with the incriminated milk were invaded. The implicated milkman had five cows.
Klein examined the cows on May 6 and found that two of them exhibited a vesicular eruption on the udders and teats somewhat similar to the " Hendon disease." No illness was detected among the milkers or their households. The bacteriological examination of swabs showed neither Streptococcus scarlatina3 nor the pathogenic yeast found in the first outbreak.
(13) GuILDFORD [13] , 1903 (reported by Dr. R. W. C. Pierce).-Extensive outbreak, cases starting early in the last week in September and continuing until the middle of November. The symptoms of the outbreak were sore throats of different grades of severity, but for the most part cases of ulcerated sore throat or follicular tonsillitis. In some cases there was marked glandular enlargement. A number of cases of quinsy. Considerable constitutional disturbance was present, shown by headache, pains in the back and limbs, and fever. In several instances there were joint pains after the acute symptoms had subsided. Five cases developed erysipelas after the sore throat. A few cases were fatal. There was a considerably larger number of adults affected than young children. Information was obtained altogether of ninetyeight infected houses, and seventy-six of these were supplied direct by two milkmen obtaining their milk from a common source. The remaining twentytwo households derived their supply from nine other different dealers. With the stoppage of the milk the outbreak ceased. The incriminated farm was visited on November 13 by Pierce and a veterinary inspector. Of the twenty cows on the farm no less than four were affected with mastitis and yielded purulent milk. The farmer suffered from a quinsy sore throat about the middle of September, and had pains in his joints subsequently, and was disabled for at least a month. The other members of his family also had sore throats. The firit cases, as far as is known, occurred the last week in September, the illness of the farmer therefore probably preceded the outbreak. He occasionally assisted the two men at the milking, and in this way he may have infected the cows and the milk. The bacteriological investigations showed the presence of streptococci in the milk, and Gordon isolated a streptococcus of the pyogenes type virulent to mice. It is probable that the farmer was the original cause of the outbreak, but as infection continued over six weeks, and the farmer could only have infected the milk on one or two occasions at the most, some continuously acting source of infection must have been present. If we assume that this continuous source of infection was the diseased cows, and that they were infected from the farmer, as Pierce suggests, the course of the outbreak is easily explained.
(14) FINCHLEY [14] , 1904 (reported by Professor H. Kenwood).-An extensive outbreak lasting from January 16 to January 30 and involving some 550 persons. The symptoms were sore throat with enlargement of the submaxillary glands, and marked malaise. Considerable temperature in most cases, with much prostration. In one or two cases quinsy was present, while septic conditions, such as gland abscesses and cellulitis, were met with as complications. Kenwood came to the conclusion that the outbreak was spread by milk. The cases occurred almost exclusively amongst the customers of a particular milk supply, but exact particulars are not furnished. He also satisfied himself that " the employes of the infected supply had not been spreading the complaint by reason of any one of them suffering from a bad sore throat at the period when the outbreak occurred." The precautions taken for the safe storage and delivery of the milk were quite satisfactory. In regard to the cows a veterinary examination of every cow was made, and "the veterinary expert reported that all the animals were in a condition of perfect health, with the exception of two cows which had contracted a chill; the chill had affected their udders, causing their milk to become curdled, and that probably these animals had been in this condition for several days prior to his inspection on January 27. Both these cows were at once removed from the herd." Kenwood gives it as his opinion that " the outbreak was in all probability due to the two cows which were suffering from an obscure condition of ill-health towards the middle of January," but he gives no reasons in the report for coming to this decision other than those recorded above, which are scarcely conclusive. The bacteriological examination of numerous samples of milk were negative. French, one of the medical men in practice at Finchley, gives one very interesting item of information. He found that one of the cases, complicated with severe facial erysipelas, was markedly improved both for the erysipelas and the throat symptoms by the use of antistreptococcus serum. He then tried the serum in other cases, and although they were very intractable to the usual remedies, without exception they all improved markedly, the temperature falling to normal within twelve hours. Pus examined from the suppurating glands of one of his cases showed streptococci on cultivation in pure growth.' 1 (15) BELVIDERE HOSPITAL, GLASGOW [15] , 1904 (reported by Dr. A. K. Chalmers).-In May, 1904, at Belvidere Hospital, thirty-nine persons were affected; chiefly nurses, cleaners, and wardmaids. The symptoms were those of tonsillitis and were mostly mild. No deaths. The illness was traced to milk and ceased when the milk was sterilized. The cases extended over a period of about twenty to twenty-five days, half the cases sickening in the week ending May 14. On April 23 a new cow was added to the herd of seventytwo cows. Towards the end of April the group of cows to which the new cow had first'been added began to suffer from a teat eruption, and this spread to the other cows. It spread until about 30 per cent. of the herd were attacked, the outbreak reaching its height about May 6. The hands of four out of eight milkers were affected with sores. Chalmers regarded the teat condition as the cause of the outbreak.
(16) PAISLEY [16] , October, 1904 (reported by Dr. A. Robb).-Over 100 cases were known, but there were others which did not come under observation. No deaths. The symptoms were those of acute throat inflammation with constitutional symptoms. Diphtheritic-looking membrane on the tonsils, sometimes also on uvula and soft palate. Malaise, high temperature, and marked prostration. The only factor connecting the cases was a common milk supply. The Burgh veterinary inspector visited the farm late in the epidemic, and reported that many of the cows had evidently recently suffered from cowpox-the teats showing remains of the eruption-but had now recovered. No information given as to whether there was or had been any illness amongst the milkers. Bacteriological examination of throats showed that the outbreak was not due to the diphtheria bacillus.
(17) COLCHESTER [17] , April, 1905 (reported by Dr. W. G. Savage).
Outbreak very extensive, probably at least 600 cases, and of these over 170 cases known to be under medical treatment. The symptoms were those of septic sore throat." The tonsils and other parts of the throat were red and 3wollen. In some cases diphtheritic-like membrane was present, even extending :n to the soft palate. The submaxillary glands were generally enlarged and painful. In no cases were rashes observed. No deaths were recorded. There were few or no secondary cases. Females suffered about three and a half times is much as males, and adults furnished three times as many cases as children. rhe incubation period was apparently not longer than two days. The evidence mplicating a particular milkman's (M.) milk was complete, being derived from nformation supplied by medical men and from house-to-house inquiries. The 'French suggests, from these facts, that the cause of the disease was undoubtedly the 3treptococcus mastitidis bovis. My investigations have shown that the ordinary streptococcus )f mastitis is not the Streptococcus pyogenes vel erysipelatosus, and therefore the fact that here was evidence in favour of the presence of this latter organism is another link in the -hain of evidence demonstrating that when cows' udder abnormalities are infectious to man ve have present an organism, such as Streptococcus pyogenes, which is of human origin. following table shows the relationship of the cases attended by medical men for which particulars were available and the milk supply: The outbreak was nearly confined to the west side, an area not including more than 20 to 25 per cent. of the population. The house-to-house inquiries made in four selected areas showed that 50'9 per cent. of the houses supplied by M.'s milk were invaded, as compared with 6 per cent. for the other milk vendors. The milkman M. obtained his milk from six farms, and from a study of the distribution of the milk to the different milk rounds, and the different incidence of the disease on the different rounds, it was possible to point to farm B as the offefiding source of supply. All the farms were inspected, but only on farm B were human cases of illness or disease amongst the cows met with. Upon this farm a cow was found in a shed with the others suffering from mastitis of one quarter, and which had been ill and noticed since about April 19. There can be no doubt but that the milk of this cow was being added to the milk up to the time of visit, April 27. The cessation of the outbreak corresponded with the exclusion of the milk of this particular cow. Several cases of illness were found on the farm, but the cases were coincident with cases in the town. The first illness on the farm was that of the farmer himself; it began on April 17, was a severe sore throat, and confined him to bed for three or four days. He never milked the cows, and said he had very little to do with them. Five or six other cases occurred amongst the farmer's family on the farm, but all began after April 20, and all drank the milk. The outbreak started about April 17 and ceased about April 29, the maximal incidence being on April 21 and April 22. The bacteriological investigations showed that the sore throats were presumably due to streptococci, while no diphtheria bacilli were present. The fluid from the mastitis quarter of the cow showed abundant streptococci. I had not then differentiated these streptococci, and was therefore unable to prove that the throat streptococci and mastitis streptococci were or were not identical. A long-drawn-out mixed outbreak of diphtheria and septic sore throat. The actual diphtheria notifications in connexion with this outbreak were two at the end of June, two in July, five in August, nine in September, and the last on October 16. The connexion of the cases with the incriminated milk supply is not clearly set out in the report, but apparently all the diphtheria cases had a common milk supply. The relationship of the sore throat cases to the milk supply is not established in the report, but apparently there was a close
relationship. An examination at the farms failed to find any cases of sore throat or suspected sore throat. Of the forty-five cows five were found by the veterinary inspector to be suffering from ulcers on their teats. Drying pustules were found on some of the ulcers, and the veterinary surgeon diagnosed the condition as one of cow-pox. A further detailed examination a week later showed fifteen cows suffering from ulcerated teats. A dairymaid was affected with pustules on her hands, and the farmer's son was also affected. Although swabs were taken repeatedly from the ulcers and examined the Klebs-Loffler bacillus was never isolated, although "now and again an organism possessing the microscopical and cultural characteristics of the Klebs-Loffler was detected." They were, however, non-pathogenic to animals. The above recorded outbreaks are all that the writer has been able to find in the British Isles. Foreign literature has not been searched, but very few such outbreaks appear to have been recorded. The following outbreak at Christiania is of interest: (19) CHRISTIANIA [19] , 1908 (recorded by Dr. Somme). --An extensive outbreak which began in almost every case with a sore throat. In addition to sore throat with red tonsils and pharynx, the usual symptoms were swelling of the glands of the neck and high temperature. Complications, chiefly of a pymemic character, were numerous, but gastro-enteritis and diarrhcea were apparently not common. A number of the cases died. Adults were affected about three times as commonly as children. The number of cases of the epidemic notified was 548, but as notification was voluntary, it is probable that the total number was considerably higher. The means of spread of the outbreak was quickly traced to the milk supplied by one dairy, and thence to a cow with a diseased uddet. The cow was slaughtered, and a bacteriological examination of the abscess found in the udder led to the isolation of streptococci in every way identical with the streptococci obtained from patients attacked by the epidemic. The streptococci were long-chain forms, pathogenic to mice after intraperitoneal injection.
(II) OUTBREAKS OF DIARRH(EA OR GASTRO-ENTERITIS SPREAD BY MILK.
Records of such are even rarer in the literature than those of sore throat outbreaks. The following one has been recorded in this country and several abroad:
(1) ABERDEEN [201, November, 1908 (recorded by Dr. Matthew Hay).-An extensive but circumscribed outbreak. The illness usually began with severe headache, shivering and backache. More or less severe vomiting or belching, followed with abdominal pain in severe cases. In most cases diarrhoea was present and continued for several days. Usually some fever, and in a few cases cramps in the legs were complained of. All the cases recovered. Inquiry soon showed that it was due to a particular milk supply. For example, Hay found within a short street in which the dairy was situated nearly seventy cases, all of which, except two, were supplied from the incriminated dairy. In the other houses with a different supply, which constituted more than half the total number, there were only two cases of ill-defined nature. The milk was obtained from three farms. On one of these there had been a number of cases of illness. The first persons sickened at the farm on November 5, while, with one exception, all the illnesses of the group investigated in the city commenced on November 6 to November 8. Hay attributes the outbreak to the occurrence of cases of disease at the farm, which infected the milk. No mention is made of the cows, or indeed whether they were examined at all. Jensen (" Milk Hygiene ") mentions the two following outbreaks:
(2) STOCKHOLM.-In Stockholm the members of nine families became ill with nausea, vomiting and diarrhaea, fever and weakness, together with cramps in the legs. The disease was traced to the use of milk from a certain herd. The herd comprised fourteen cows, one of which was proved to be affected with mastitis. Two persons working in the stable were sick with the same symptoms.
(3) Lameris and Van Harrevelt mention an outbreak of diarrhcea among a number of persons in a hospital. The disease was traced with comparative certainty to the milk of a herd in which several cases of mastitis due to streptococci were found. The infection probably came from the use of milk from a cow that appeared to have recovered, but whose milk still contained streptococci. The milk was used only after being boiled, but the boiling was probably imperfectly done.
DISCUSSION.
The PRESIDENT (Dr. Theodore Thomson), in thanking Dr. Savage for his' paper, said that his work on the subject in the past rendered him a recognized authority. The main hypothesis advanced was a very tempting one, introducing their increasingly familiar friend the carrier-this time the domestic cow.
Dr. BUCHANAN said he very much appreciated the clear way in which Dr. Savage had set forth the considerations in the paper, while the speculations advanced were very interesting. He had not read the paper by Dr. Stott, which Dr. Savage mentioned in referring to the absence of evidence that milk from cows which had cow-pox produced human illness. But his impression with regard to the outbreak of cow-pox referred to was that the inquiry which was made, and which led to the idea of the absence of human illness, was not of an extensive kind. The outbreak among the cows was extensive, and the dairy was a large one, supplying hundreds of families; and in order to prove that the milk from those cows had caused no harmful effects it would have been necessary to make a house-to-house inquiry over a considerable period, and in a wide area: inquiry, for example, as to the occurrence of what was believed to be chicken-pox, or of boils, or skin affections, or to ascertain whether children who had been having that milk and had been subsequently vaccinated had proved insusceptible. If such complete inquiries had not been made he did not think great importance should be attached to the reported absence of illness following the taking of the milk in question. With regard to the fact that milk was allowed to be used after pasteurization, the dairy company concerned were perhaps rather fortunate, as objection might be taken to milk which was likely to contain inflammatory products. The same question arose with regard to some of the cases of cow mastitis referred to in Dr. Savage's paper. Dr. Savage said: "From the practical point of view, it is well to remember that the pathogenic and non-pathogenic types of bovine mastitis are not clinically distinguishable." He (Dr. Buchanan) thought that when dealing with milk from herds which were affected by mastitis it would be undesirable, in the present state of our knowledge, to take too many risks. He would not give too much weight to the result of the heroic experiment which Dr. Savage made upon himself. If Dr. Savage had given himself an acute abscess or septicaemia it would, no doubt, be different; but as the result was happily negative, it should be remembered'that it was that of a single experiment, on an adult; who was healthy, and presumably had no abrasions in his throat. He did not altogether follow the hard-and-fast distinction which the paper suggested between the purely local and the constitutional disease in the cow. It was possible that the same illness, caused by the same organism, might sometimes be associated with constitutional symptoms, as well as by purely local symptoms. He believed that quinsy in the human was not unassociated with milk from time to time, and the disease had a sort of incubation period. It was very definite in its course; but one could look upon it as either a local or a constitutional affection, according as one inquired whether the main seat of the inflammation was localized, or whether the patient was constitutionally ill. It seemed difficult to draw the line of demarcation; and he thought the same sort of consideration might be applied to cow disease, not only in the case of mastitis, but also in that of cow-scarlatina. With regard to the Hendon outbreak, as the author rightly pointed out, one must assume that there was continuing infectiousness of the milk in circumstances under which, there, the infection by the milker, if it occurred at all, was certainly not continuous. Sir William Power proved that there was no evidence of infection by the milker in that case; and though at the time the new idea that the cow could have anything to do with scarlatina was strongly combated, nothing appeared to have been brought forward to disprove it, and there had been subsequent confirmation in other outbreaks. If that was so, and one had to assume in these outbreaks that the cow was continuously infectious for some period, it seemed difficult to suppose that the source of infection was solely a mere accidental human infection at some moment, which persisted locally. It was equally possible to believe that there was a more general infection (from human or bovine sources), in which the bacteria of the scarlatina were excreted by the cow, or in which they remained in the udder and multiplied in the milk sinuses. This matter was, however, rather spedulative, and all those who had to do with scarlatina outbreaks would feel much indebted to the author for the valuable suggestions he had made.
Dr. BUTLER remarked that Dr. Savage had chosen the psychological moment for contributing a paper on the relationship of human to bovine disease, as members were now turning their thoughts to the observations of Jenner, for the non-observance of which serious results were being threatened. It was encouraging to learn that the cow was not to be debited with a serious r6le in the distribution of disease. One was indebted to the cow for contributing a degree of immunity from another serious disease which it would be difficult for it to wipe out, however virulent it became as a factor in the distribution of other diseases. The author referred to the fact that there was little epidemiological evidence as to the effect of the cow infection upon the spread of disease among human beings. The observations of Drs. Dean and Todd in an outbreak of diphtheria aptly illustrated that fact. He was much struck in that contribution by certain dates and initials, and on turning up his records in the isolation hospital with which he was connected, he found that they were cases some of which had been under his charge, but he had not known they were the subjects of an investigation. He had had to perform tracheotomy on one of the patients. The remarkable feature of that outbreak was that there was a perfect chain of evidence that in a particular couple of families the spread of diphtheria could be accounted for entirely by the affection of the udder and the teats of the cows, and infection of the milk, and diphtheria bacilli had been isolated from them. The cows were in the possession of a gentleman who kept them for his own family and servants, and the milk was not distributed in the district, where there was at that time a very extensive outbreak of diphtheria. If those facts were borne in mind, it was necessary to consider whether the cows had not been themselves infected from the human sources rather than conversely. With that outbreak going on for weeks or months before those families were affected, one would have to account for the relationship between the affection of the udders of cows and the many persons who did not partake of the milk and yet suffered from diphtheria. A more reasonable hypothesis would have been that the disease was contracted by children attending the public elementary schools in the district known to be affected, and had then spread by contact infection, while the udders of the cows already infected with other lesions had the superadded infection as a result of the people themselves having contracted it. But that did not entitle one to arrive at the other conclusion-namely, that as a result of the infection of the udders of the cows the further spread was accounted for. It had not been established that milk had played any considerable part in the spread of diphtheria, and in Dean and Todd's paper there was only evidence of resultant distribution in the milk of the diphtheria bacillus from an affection of the udders of the cows, coincident with the distribution of diphtheria associated with a limited number of persons who partook of the milk of those cows, but not necessarily resulting from it. Probably the cart had been put before the horse in that case, in supposing that the distribution in those families was due to the consumption of the milk. The other view suggested itself-namely, that the people themselves were infected by contact, and that the milk became infected possibly through the udders of the cows as the result of infection conveyed from them. At all events, it seemed to support Dr. Savage's hypothesis that, given a lesion of the udder, there might be added another infection; but that did not entitle one to conclude that such superaddition of the infection was the cause of the further spread of the disease. Dr. PARSONS said the paper had the merit that it advanced a hypothesis which he did not think had been previously put forward to account for the cases in which the milk had appeared to have an infective property derived from the cow itself. Dr. Savage would probably not claim that that hypothesis was definitely proved, but it suggested experiments to follow up the clue. If it were proved to be true, it afforded a means of conciliation between those who approached the question from the human point of view and those who viewed it from the veterinary side. The latter were positive that the disease of the cow was a purely local matter, and had no association with scarlet fever, whereas the evidence seemed very strong, from the epidemiological side, that the disease of the cow did convey human scarlet fever. One point of interest was the great suddenness with which the outbreaks in question occurred, which was against the idea of cows being chronic carriers, and often the cow implicated was one which had only recently calved. In an outbreak which he investigated, one near Macclesfield in 1889, the cases in the different households were connected by a common milk supply and a nearly simultaneous occurrence, and the proportion of cases in the households bore an exact correspondence with the amount of the milk consumed by them. There were, however, three types of disease connected with that milk. There were cases. of scarlet fever, other cases of what seemed to be septic sore throat,-and others of what was clinically diphtheria. The milk in a scarlatina outbreak had but a small degree of infectivity. There might be hundreds of primary cases, but very few in which there was a second outbreak in a house from the first one, and that had to be explained by the hypothesis, in order that it might hold good.
Dr. BOND agreed with Dr. Buchanan that it was not necessary to look upon infection of the cow as only a local infection; he thought these might be also constitutional infections. At a Brighton Congress on a similar subject he said that, as small-pox produced in the cow a modified constitutional disease, vaccinia, so scarlet fever in the human subject might produce in the cow a modified form of that disease. It was the general opinion that outbreaks due to milk generally produced a modified scarlet fever and a smaller percentage of secondary cases. The fact that the apparently healthy quarters were also infected with the identical streptococci in ordinary mastitis also showed that it might be a constitutional affection in the cow.
Professor WOOLDRIDGE said he approached the question from the veterinary standpoint. The hypothesis advanced by Dr. Savage was a very plausible and attractive one at first, and was worthy of further investigation. There was not much danger of anthrax being conveyed by the milk of affected cows, because of the rapidity of the symptoms and the early death. When the anthrax bacilli were plentiful the animal was near death, and milk was very unlikely to be taken from it for human consumption. More likely the case referred to by the author which died was affected by inoculation, and not from drinking the milk. He knew of no case of cattle affected with Gaertner bacillus during life to which food poisoning could be traced-i.e., by human beings eating such meat. Where meat had been found infected with the Gaertner bacillus, the meat had been exposed since death; or else the infection occurred where the animal had been moribund. With regard to the septic conditions, such as puerperal septicaemia and septic metritis, Dr. Savage said the milk was usually markedly altered. That he regarded as a misstatement. He had examined very large numbers of cows affected with those conditions, but he did not know of one case in which the milk was markedly altered, though he did not suggest such milk should be consumed, as possibly it might contain harmful toxins, and should therefore be avoided. In Group II bovine scarlet fever was mentioned. That had long been a bone of contention between the medical and veterinary professions. The latter recognized no disease in cattle which could be compared with scarlet fever in man, or which deserved that name. With regard to the summaries of the reports, the figures referring to acute mastitis conformed with his own experience of the prevalence of acute mastitis in cows. He had been pleased to see the differences pointed out between the two forms of streptococci met with in those infections, the Streptococcus mastitidis, and that found in sore throat in the human subject, particularly with regard to their pathogenicity. Only pathogenically could they be distinguished. In making cultures one could not say whether there was a mixed culture, taking it for granted that the assumption in the paper was correct-viz., that the organism in the human sore throat might be implanted on an udder which was already infected with mastitis. If so, why was not the pathogenicity of the human streptococcus evidenced when the culture was injected into the mouse ? The fact that it was not constituted a strong argument against the suggestion that the udder of the cow was likely to be the seat of a dual infection. Dr. Savage's experience with regard to implanting cultures in his own throat was supported by an experience which he himself underwent involuntarily. An apparently healthy cow, in full milk, was intended for experimental purposes, and the milk was consumed for several days by six persons-two adults (a male and a female) and four children (three male and one female). After several days two more persons, he and a colleague, also partook of that milk as it came fresh from the cow. He thought it rather thin, but did not pay much attention to that. Next day he had some more and thought it seemed rather salty, which made him give more attention to it. On putting a little into the palm of his hand he noticed small points about the size of a pin's head. Those he transferred to a cover-slide and stained, and demonstrated myriads of streptococci. Similar smears fromn the centrifugalized milk gave the same result. Yet no person of the whole eight who partook of it experienced the slightest inconvenience in the throat or any other part of the intestinal canal. Therefore he agreed that, taken as a whole, mammitis in the cow was not dangerous to the human subject. Still he did not advise that milk from such cases should be taken. The appendix to the paper was supposed to suggest that the cow was responsible for the spread of those infections. He thought there was no doubt that milk was the means of conveying the infection round the particular towns. The point was whether the milk was subsequently infected after leaving the cow, and he believed it was. Of the eighteen epidemics referred to, in nine there was no evidence to connect the cows with the outbreak. In some instances there was no mention if the cows were healthy, but in others it was definitely stated that no disease was discoverable. In three of the cases there was evidence against attendants at the farms being affected with sore throat. In nine instances some diseased condition was attributed to the cow. In one case (Case 3) the evidence against the cows was that a month before they had suffered from foot-and-mouth disease. But that was not sufficient to condemn the cow. Four epidemics had associated with them ulcerated teats, but there were no organisms discovered in connexion with the ulcers or with the milk which corresponded with the organisms causing the sore throat. In the Colchester case the farmer was attacked with sore throat on the 17th of the month, and the first appearance of the affection of the cow was on the 19th of the month. There, he thought, a human origin must be credited for the spread. In conclusion, he thanked Dr. Savage for his paper, which he hoped would emphasize the necessity for a more complete and more thorough system of dairy inspection.
Dr. SAVAGE, in reply, said, in answer to Dr. Buchanan concerning cow-pox, that while Dr. Stott mentioned that there were no cases, he did not think particulars of the exact inquiry made were given. He agreed that, administratively, all cases of mastitis should be looked upon as potentially infective, because clinically it was impossible to distinguish between the dangerous and the harmless varieties. While he was of opinion that the great majority of cases were harmless to man, he believed that a small minority were harmful, and until they could be clinically differentiated all the cases must come under the ban of suspicion. With regard to the experiments on himself, he thought the massive dose used might fairly compensate for any possible lack of sensibility. He admitted that perhaps he had drawn a rather hard-and-fast line between the local and general condition, but he believed his classification was a fairly practical one. He could not agree that the hypothesis of an occasional rare constitutional affection in the cow as a cause of scarlet fever was comparable to his hypothesis, or could equally explain the facts. It must be admitted that all efforts by veterinary surgeons to produce bovine scarlet fever by inoculation had failed. In answer to Dr. Parsons, he would point out that of course he only suggested that quite a small proportion of scarlet fever outbreaks were spread by any infection conveyed by or through the cow. He could not agree with Professor Wooldridge that Gaertner bacilli had never been found in the milk during life, as he had come across a record of one such occurrence. With regard to septic conditions, he was willing to accept his correction; he had no personal knowledge of the fact as to alteration in the appearance of milk in this class of cases. On one important point Professor Wooldridge had evidently misunderstood him. That speaker evidently thought that in the paper he (Dr. Savage) suggested that the cases of cow mastitis which were infectious to man were cases in which a human streptococcus was superadded to the mastitis caused by the ordinary bovine streptococcus, a mixed growth resulting. If he would re-read this part of his paper he would find that this was not his view at all, and he was glad to make that clear. Mastitis in cows was usually caused by the Streptococcus mastitidis, a streptococcus, in his opinion, of purely bovine origin, and as such harmless to man. In a small proportion of cases the cow mastitis was caused not by this streptococcus at all, but by other streptococci of quite different type, and part of his hypothesis was that some of these were possibly of human origin and in that case probably pathogenic to man. There was no question of a double infection. Professor Wooldridge suggested that the cases brought forward in the appendix were mentioned in order to support the thesis of the paper. That was not necessarily so; they were brought forward impartially, and he thought it would be admitted that he had stated them without prejudice. It was clear that in the majority of the outbreaks the infection was spread by milk. It was equally clear that in a number of them the suggested view that the outbreak was connected with diseased cows was not proved, sometimes not even warranted, as a hypothesis, by the facts disclosed. For others, however, there was evidence of a valuable character connecting the cows with the outbreak. He would refer in particular to the outbreak described by him at Colchester, in which at the time he most carefully inquired into the cause of the outbreak and came to the conclusion, taking all the facts into consideration, that the cow suffering from mastitis was undoubtedly responsible for the outbreak. He was very glad to receive Professor Wooldridge's views and criticisms from the veterinary aspect of the subject.
